Background and aim-Sixty four per cent of people with heartburn believe that it is exacerbated by stress. An alteration in oesophageal motility is one possible mechanism for this apparent change with stress. This study aimed to assess the effect of acute stressors on oesophageal motility in patients with gastrooesophageal reflux disease (GORD). Methods-Sixty patients were studied. Twenty had oesophagitis, 20 had increased oesophageal acid exposure on pH monitoring but no endoscopic oesophagitis, and 20 had neither oesophagitis nor 
Background and aim-Sixty four per cent of people with heartburn believe that it is exacerbated by stress. An alteration in oesophageal motility is one possible mechanism for this apparent change with stress. This study aimed to assess the effect of acute stressors on oesophageal motility in patients with gastrooesophageal reflux disease (GORD). Methods-Sixty patients were studied. Twenty had oesophagitis, 20 had increased oesophageal acid exposure on pH monitoring but no endoscopic oesophagitis, and 20 had neither oesophagitis nor abnormal oesophageal acid exposure. Oesophageal motility was studied in these patients during psychological stress (Stroop test) and physical stress (cold pressor test). Results-Blood pressure (BP) and heart rate increased in response to both stressors (mean systolic BP increased by >10 mm Hg, diastolic BP by >4 mm Hg and heart rate by >3 beats per minute (p<0.00001). The amplitude, duration, and velocity of propagation of oesophageal peristaltic contractions were not altered by the stressors. The percentage of simultaneous waves increased in patients with oesophagitis during the cold pressor test (median increase in these patients was 6% (p<0.05)). This effect was not noted in the patients without oesophagitis. Conclusion 8 and patients with pre-existing oesophageal dysmotility abnormalities, such as nutcracker oesophagus.9 To our knowledge, no study of the oesophageal motility response to stress in GORD has been published. If stressors were to induce simultaneous or non-conducted contractions in GORD patients, these changes could delay the clearance of acid from the oesophagus, exacerbating reflux symptoms. This study aimed to assess the effect of acute stressors on oesophageal motility in patients with GORD.
Methods
Sixty patients with heartburn and reflux symptoms who were attending their local hospital for the first time because of heartburn were studied. None had previously undergone upper gastrointestinal investigation or surgery and none had been taking anti-reflux therapy or any medication that might alter oesophageal motility for at least two weeks before investigation. Patients who were pregnant, who consumed >60 g/day alcohol, or had a disorder such as diabetes or scleroderma that could alter oesophageal motility were excluded.
Twenty consecutive patients falling into each of three groups were studied. After an overnight fast, manometry was performed using a low compliance capillary infusion pump (Arndorfer Inc, Milwaukee, Wisconsin, USA) and an eight channel polyvinyl catheter with orifices spaced at 3 cm intervals and a 6 cm sleeve device. Five individual channels were connected to external transducers and the analogue output from these transducers was converted to a digital signal using a Digitrapper (Synectics Medical, Enfield, UK). These pressure tracings were displayed and stored on an IBM compatible computer. Pressures were recorded from the LOS by a sleeve device and from the oesophagus, 2 and 5 cm above the upper border of the LOS. A pressure sensor was placed on the neck at the level of the cricoid cartilage to act as a swallow marker. A period of 20 minutes was allowed for the patient to become accustomed to the tube before testing.
The stressors used in this study were the Stroop colour-word test (a psychological stressor) and the cold pressor test which is predominantly a physical stressor. During the Stroop test incongruous colour-word combinations, for example the word 'red' printed in green ink, were shown to the subject. These combinations are randomly generated onto a computer screen and the subject asked in random order either to name the word or the colour of ink in which it was printed. The stressor has previously been shown to induce anxiety, physiological changes including increases in heart rate and systolic blood pressure, and an increase in plasma adrenaline concentrations in normal subjects.12 During the cold pressor test,'3 the patient immersed his or her left hand in crushed ice for periods of 60 seconds, removing it for 15 second intervals between each immersion. This sequence of hand immersion was repeated for the duration of a series of water swallows consisting of at least ten 5 ml boluses.
A minimum of ten 5 ml boluses of water were delivered to the patient's mouth via syringe at 20 second intervals for each of four periods (until eight peristaltic sequences had been recorded'4): two rest periods (rest 1 and rest 2), and two stress periods (Stroop and ice). Rest 1 was followed by Stroop and rest 2 by ice immersion with a 20 minute break after Stroop, before starting the rest 2 period. Systolic (SBP) and diastolic (DBP) blood pressure and heart rate (HR) were recorded every 90 seconds using an Accutorr 1A noninvasive blood pressure and pulse monitor (Datascope Corporation, Paramus, NJ, USA).
The mean values of SBP, DBP, and HR for each of the four periods were calculated. At the end of each period, the subject was asked to indicate on a visual analogue scale, the degree of subjective stress experienced during that period (0=no stress, 10=extremely stressful).
Distal oesophageal contraction amplitude was measured as the average of the amplitudes recorded 2 and 5 cm above the LOS for each swallow. Distal oesophageal contraction duration was calculated in the same manner. Propagation velocity was measured as the time difference between the onset of contractions 2 and 5 cm above the LOS.
The oesophageal contractile response to swallowing was interpreted by computer algorithm (Gastrosoft Inc, Irving, TX, USA) as simultaneous if propagation velocity was greater than 10 cm/s, as non-conducted if the contraction amplitude at 2 cm or 5 cm above the LOS was <30 mm Hg, or else as peristaltic. Mean values for all peristaltic contraction sequences were calculated. Swallows resulting in simultaneous or non-conducted contractions were counted and expressed as a percentage of all swallows during that period. LOS pressure was assessed as the mean reading of the sleeve device over the 10 seconds preceding a swallow. Lower oesophageal sphincter pressure preceding each of 10 swallows was averaged to provide a mean LOS pressure for each study period.
To determine if stress affected BP, HR, and oesophageal motility, paired t tests were performed between the values recorded during the stress period and during the respective rest periods for all measurements, with the exception of the ratings on the visual analogue scale and the percentages of nonperistaltic waves. Since the values for these latter two measurements were not normally distributed, the Wilcoxon signed rank test was used for these comparisons. In addition, the difference between the values recorded in the stress period and the rest period were calculated for each variable and compared. This difference is referred to as the delta value. This value made it possible to determine if the stress response differed between the three groups. Analysis of variance was used to compare these delta values between the three groups (the Kruskal-Wallis ANOVA being used for ratings on the visual analogue scale and the percentages of non-peristaltic waves). When a significant F ratio for group differences was found, the Newman-Keuls test was used to determine which of the groups differed in their responses. This study was approved by the Research Ethics Committee of the Queen's University of Belfast.
Results
The mean ages of the three groups were similar (oesophagitis 47 years, pH+ 46 years and pH-43 years). There were more men in the oesophagitis group (70%) than in the pH+ group (40%) and the pH-group (35%), and this difference was statistically significant (Cochrane-Mantel-Haenszel X2=4.82, p<0 028). Both stressors induced highly significant changes in BP and HR and in VAS ratings (Tables I and II) . The changes did not differ between the groups. tANOVA, as described in Methods.
Amplitude, duration, and propagation velocity of contractions were not significantly altered by either of the stressors (Table III) . Although contraction amplitude, velocity of propagation, and LOS pressure were higher during the Stroop test, none of these differences reached statistical significance. Nor was there any difference between the groups in their response to the stressors with regard to peristaltic variables.
There was a significant increase in the percentage of simultaneous waves during the cold pressor test (Table IV) . Kruskal-Wallis analysis of variance showed that the groups responded to the ice test differently, and Newman-Keuls tests showed that the patients with oesophagitis responded to the ice test differently from the patients in the other two groups with regard to an increase in simultaneous waves. In a total of seven (35%) patients with oesophagitis and four (10%) without oesophagitis (two from each group) the number of simultaneous waves in response to ice increased by 10% of more (odds ratio 4-8, p<0-05). This increase in simultaneous waves was 350/o (7 of 20) sensitive and 90% (36 of 40) specific for oesophagitis patients.
Discussion
This is the first study to report the oesophageal motility response to stress in patients with GORD. The results show that acute stressors, both psychological and physical, have little effect on oesophageal motility in these patients. The only difference noted during stress was an increase in simultaneous waves in patients with oesophagitis in response to the cold pressor test. This increase in non-peristaltic waves is similar to that shown in normal subjects by others. Stacher et al reported simultaneous waves in response to acoustic stimuli in all volunteers when a sufficiently intense stimulus was applied. 8 Ayres et al noted a significant increase to a mean of 34% simultaneous waves during the cold pressor test in healthy volunteers.7 A simultaneous wave shown manometrically corresponds to a contraction occurring at the same time throughout the distal oesophagus and in radiological studies has been associated with ineffective clearance of the oesophagus.15 16 There are several possible reasons why this response was more often found in those with oesophagitis. Firstly, the oesophagitis group comprised significantly more males and it is known that group is different because they have oesophagitis and that the inflammation facilitates the occurrence of abnormal simultaneous waves in response to stress. Some studies in healthy volunteers and patients with unexplained chest pain9 or irritable bowel syndrome'8 failed to show an increase in non-peristaltic waves in response to stressors. These studies did not, however, document a significant change in cardiovascular responses to the stressors applied.
In the patients with oesophagitis in this study, the median increase in simultaneous waves during the cold pressor test was 6% -that is, approximately 1 in 20 contractions were simultaneous in nature during stress. Seven of the 20 patients with oesophagitis had a 10-30% increase in simultaneous waves -for example, a change from 0% simultaneous waves at rest to 20% during cold pressor test, a change which was 90% specific for the oesophagitis group. It is possible that this degree of dysmotility could be regarded as clinically significant, especially since the definition of diffuse oesophageal spasm only requires the presence of more than one simultaneous wave during 10 wet swallows.15
Certain methodological issues must be addressed in the interpretation of this study. Firstly, before commenting on the oesophageal response, it is important to show that the stressor was effective. In this current study, there were highly significant changes in subjective and cardiovascular autonomic responses to stress. The chosen stressors were therefore effective, a finding which is not universal among the other studies which used these and other stressors.8 9 18 Secondly, how appropriate were the chosen stressors? The Stroop colour-word test and the cold pressor test were deliberately selected to provide a psychological and a primarily physical stressor. Both have been widely used and have been extensively validated.12 13 19 However, the period of stress lasted less than 10 minutes in each case, producing a brief, intense focus. A more useful stressor might be one which is of greater duration, paralleling the chronic stress experienced in the community.20 With the new technology of ambulatory manometry, it is now feasible to achieve a more long term measurement of oesophageal motility.2' 22 It might also be more appropriate to chose stressors which better reflect day to day events than the immersion of a hand in ice. Public speaking, video arcade games, driving in heavy traffic and sleep deprivation have all been used for this purpose.23 24 Thirdly, were the chosen oesophageal variables meaningful? Amplitude, duration, and propagation of velocity of peristaltic contractions and the percentage of non-peristaltic waves were the measurements used in all studies of the oesophageal stress response to date.7-9 18 In conclusion, acute stressors did not induce significant changes in oesophageal motility in patients with GORD but no oesophagitis. However, there was a significant increase in simultaneous waves during cold pressor stress in patients with oesophagitis. Whether this is a factor which predisposes them to oesophagitis, or the oesophagitis-related inflammation causes the abnormal response, is not yet known.
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